To examine factors associated with blood exposure and percutaneous injury among health care workers, we assessed occupational risk factors, compliance with standard precautions, frequency of exposure, and reporting in a stratified random sample of 5123 physicians, nurses, and medical technologists working in Iowa community hospitals. Of these, 3223 (63%) participated. Mean rates of hand washing (32%-54%), avoiding needle recapping (29%-70%), and underreporting sharps injuries (22%-62%; overall, 32%) varied by occupation ( ). P ! .01 Logistic regression was used to estimate the adjusted odds of percutaneous injury (aOR injury ), which increased 2%-3% for each sharp handled in a typical week. The overall aOR injury for never recapping needles was 0.74 (95% CI, 0.60-0.91). Any recent blood contact, a measure of consistent use of barrier precautions, had an overall aOR injury of 1.57 (95% CI, 1.32-1.86); among physicians, the aOR injury was 2.18 (95% CI, 1.34-3.54). Adherence to standard precautions was found to be suboptimal. Underreporting was found to be common. Percutaneous injury and mucocutaneous blood exposure are related to frequency of sharps handling and inversely related to routine standard-precaution compliance. New strategies for preventing exposures, training, and monitoring adherence are needed.
ports and employee health records. The annual reported percutaneous injury incidence, from institutional incident reports, was 5.3 injuries/100 personnel. Thus, passively reported injury rates remained high.
Most studies have involved a single institution, typically a large academic medical center [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Few have examined 11 hospital [17, 19] or assessed compliance across institutions and communities [17, 20] . Most have relied on passive incident reporting; thus, reported rates are likely biased toward underestimation. Only 2 studies of nurses have used active case ascertainment [17, 19] . The purpose of the present study is to estimate the level of standard-precaution adherence, occupational injury and exposure rates, and rates of underreporting among health care workers practicing in community hospitals who are at risk for blood exposure.
METHODS
Percutaneous injury and mucocutaneous blood exposure rates were directly assessed in stratified random samples of different occupational groups of health care workers in Iowa during 1997. A mail survey was conducted to identify the most important occupational risk factors, to assess attitudes toward the use of precautions, and to estimate occupational exposures. Appropriate informed consent was obtained, and the guidelines for human experimentation of the University of Iowa Internal Review Board and the United States Department of Health and Human Services were followed.
Sample. The primary goal was to accurately estimate current percutaneous blood exposure rates within different occupations. The sampling frame included statewide professional organization databases. Respondents were stratified on the basis of the size (number of beds) of the largest hospital in the county of workplace. Stratified random subsamples of physicians, nurses, laboratory technicians, and medical technologists were identified within the size strata.
The sample was limited to health care workers who provided direct patient care; the selection was aimed at identifying those who were specifically at risk of blood exposure. Excluded workers included (1) physicians whose primary activity was administration or teaching, (2) nurses and medical technologists who were not employed in hospitals, (3) nuclear medicine technologists, and (4) workers at the state's tertiary care referral center. The final sample included 5364 health care workers: 20% of the registered nurses, licensed practical nurses, and physicians and 40% (oversampled) of the medical technologists in Iowa.
Study instrument. To maximize participation, the survey instrument length was limited; predefined categorical responses, with neutral phrasing, were primarily used. The survey was pilot-tested in clinic and community hospital settings, respondents were interviewed, and the survey was revised.
Data elements. The outcomes of interest were occupational sharps injuries and mucocutaneous blood exposures, proportion of injuries reported, and adherence to standardprecaution guidelines. Respondents were asked to estimate the number of (1) exposures of skin, mouth, eyes, and/or nose to blood; (2) total sharps injuries; (3) hollow-bore-needle injuries; and (4) solid-needle injuries in the past 3 months. This 3-month time period was used to minimize recall bias but still obtain adequate precision of the estimates [21] [22] [23] . Respondents were also asked how many of these exposures they had reported or formally documented. The results of this method of assessing sharps injuries agree well with clinic records [24] .
Rates of underreporting were estimated as the proportion of the reported exposures among the actual exposures for each worker. An overall mean was also calculated for each occupation to examine differences by occupation. Reported standardprecaution compliance was grouped into low (0%-79%), moderate (80%-99%), and high (100%) compliance levels. The potential for exposure and for sharps injuries is affected by the number of sharps handled. Therefore, a control variable was created, representing the midpoints of the frequency categories for different sharps devices used in a typical week.
Compliance with key standard-precaution measures [25] was estimated along a 10-cm visual analogue scale and extrapolated to a 0%-100% scale. Respondents estimated what percentage of the time they typically (1) wore gloves when performing an invasive procedure (e.g., drawing blood), (2) washed their hands after patient contact before caring for the next patient, and (3) recapped needles after use before disposing of them in a sharps container. The phrasing of these questions denoted specific patient care settings in which compliance should be routine. Occupational risk factor data included occupation, clinical work sites, experience, typical hours at risk per week, no. of different sharps devices handled in a typical week, and hospital practice.
Survey methods. A modified Dillman method was used for mailings, with various strategies to maximize response rates [26] [27] [28] [29] [30] [31] . A cover letter, information summary, survey, and selfaddressed, stamped envelope were mailed in January 1997. The cover letter acknowledged collaboration and funding by the CDC and the National Institute for Occupational Safety and Health. A support letter from state public health authorities was included. A postcard reminder and a "collect call" telephone number for questions or a new survey were mailed several weeks later. The entire packet was then remailed to nonresponders at 4-and 6-week intervals.
Refining the population at risk. To more precisely estimate injury and exposure rates, we further refined the population at risk (denominator). Respondents were considered not to be at risk ( ) if they met all 3 exclusion criteria (primary work n p 23 site in an office, no time providing patient care or handling specimens in a typical week, and no sharps handling in a typical week) and reported no percutaneous injuries or blood exposures. These respondents were excluded from analyses other than that of the characteristics of responders and nonresponders (table 1) .
Statistical analysis. Descriptive statistics, variable scaling, and bivariate relationships were assessed. Contingency table analyses of the association between demographic and occupational variables and either percutaneous injury or mucocutaneous blood exposure were assessed with a x 2 test for nominal and ordinal variables. Continuous variables were examined with Student's t test or the Wilcoxon rank sum test, as appropriate. The sociodemographic characteristics of responders were compared with those of nonresponders. Nonresponse bias was also assessed by comparing the rates of injury and blood exposure by time of response to each mailing. Two-tailed 95% CIs were used for all analyses. All analyses were performed using SAS software (SAS Institute).
The protective effect of recommended preventive measures against any percutaneous injury in the previous 3 months was estimated using logistic regression analysis. ORs from logistic regression estimated this effect, after adjusting for time spent providing patient care or handling specimens and for the number of sharps handled in a typical week. The relationship between any mucocutaneous blood exposure during the previous 3 months and the adjusted odds of sharps injury during the same period was assessed similarly. Each logistic regression model was applied to the entire sample and used in separate analyses in which respondents were stratified by occupation.
RESULTS
Surveys were mailed to 5364 persons; 3223 surveys were completed. Of the returned surveys, 241 were considered to be ineligible for inclusion (because of lack of patient contact, retirement, or incorrect address), for an adjusted overall response of 63%. Responders and nonresponders did not differ statistically on the basis of sociodemographic characteristics (age, sex, and race). Physician responders and nonresponders did not differ on the basis of specialty.
The distribution of types of employment among participants was representative of that among health care workers in the state: 67% of respondents were registered nurses, and 15% were physicians (table 1). The sex distribution was predominantly female, except among physicians, which is consistent with the population. The race and ethnicity of the sample reflected the distribution among Iowans in general. The majority of participants reported hospital practice.
Primary work sites included general inpatient units, physician offices or clinics, operating rooms, and clinical laboratories or blood banks. Many worked in 11 clinical setting. The median duration of health care experience was 17 years since training. The median period at risk for exposure per week (due to direct patient care or handling specimens) was 32 h; physicians reported a median of 50 h/week.
Sharps handling. The proportion of workers who rou- tinely handled sharps varied significantly across occupations for each of the sharps device types ( , by x 2 test; data not P ! .01 shown). Hollow-bore needles were routinely handled most often by medical technologists (41% reported handling 120 hollow-bore needles/week) and registered nurses (20% reported handling 120 hollow-bore needles/week). Physicians routinely handled more solid devices (15% handled 120 solid devices/ week) and other sharps, such as lancets and scalpels (24% handled 110 such devices/week). Licensed practical nurses routinely handled the fewest sharps devices.
Use of standard precautions. Two-thirds of workers reported routinely wearing gloves when performing an invasive procedure (figure 1). Rates of always avoiding needle recapping varied significantly by occupation; compliance was lowest among physicians (29% reported never recapping needles) and the highest among licensed practical nurses (70%). Reported hand washing after patient contact also varied significantly, with the highest rates of routine hand washing reported among licensed practical nurses (54%) and the lowest among medical technologists (32%).
Blood exposure. Occupational blood exposures also varied by occupation (table 2) . Two-fifths (43%) of physicians had experienced у1 mucocutaneous blood exposure in the previous 3 months; 8% had experienced у5. More than one-third (39%) NOTE. Injury rates were estimated using a ridit approach with the midpoint of the range entered. Thus, for respondents reporting 3-4 injuries, the midpoint of 3.5 was used; for respondents reporting 15 injuries, the value of 6 was substituted.
a No. of injuries per worker in a 3-month period. NOTE. "Unreported" refers to exposures that were not reported or formally documented. Rates of underreporting (or failure to formally document) were estimated using the following formula:
of reported exposures/no. of actual exposures 1 Ϫ (no. for each worker). Overall mean values for each occupation were calculated.
of registered nurses had experienced у1 mucocutaneous blood exposure in the previous 3 months. One-fourth (27%) of licensed practical nurses and one-fourth (25%) of medical technologists had experienced a mucocutaneous blood exposure in the same interval.
Percutaneous injury. Nearly one-third (30%) of respondents had experienced у1 percutaneous injury in the previous 3 months (table 3) . Registered nurses were injured most often (32% reported у1 injury), followed by physicians (28%) and medical technologists (27%); licensed practical nurses were injured least often (24%). The overall sharps injury rate was 0.62 injuries per worker per 3 months. Physicians experienced the highest rate of injuries, 0.75 injuries per worker per 3 months, followed by registered nurses (0.62) and medical technologists (0.57). Licensed practical nurses had the lowest rate (0.37). Registered nurses and medical technologists experienced the highest hollow-bore-needle sharps injury rate, whereas physicians had the highest rate of solid-needle injuries.
Exposure reporting. Overall, one-third of the percutaneous injuries were unreported or were not formally documented (table 4) . Underreporting of sharps injuries varied by number of injuries, occupation, and type of exposure. Most workers (405 [84%] of 480) who had experienced a single percutaneous injury in the previous 3 months had reported or formally documented it. In contrast, two-thirds (91 [63%] of 144) of those with 3 or 4 sharps injuries in the same period reported all injuries. One-fourth (18 [24%] of 74) of those who experienced у5 sharps injuries noted that they had reported у4 injuries. Underreporting also varied by occupation; the highest rate of underreporting (62%) was among physicians. Relatively few mucocutaneous blood exposures were reported (by 12% of respondents overall).
Risk of sharps injury. Increased frequency of handling sharps devices per week, regardless of type, was strongly associated with increased odds of sustaining a percutaneous injury for the overall sample (table 5). These models controlled for time at risk. Similar increases were seen in analyses stratified by occupation, although the increases did not reach statistical significance in the smaller strata of licensed practical nurses and medical technologists, because the analysis lacked power for some comparisons.
The overall adjusted OR of injury (aOR injury ) for those who reported never recapping needles was 0.74 (95% CI, 0.60-0.91). The association between any recent blood contact and adjusted likelihood of injury was 1.57 (95% CI, 1.32-1.86) overall. Physicians had the greatest adjusted risk of percutaneous injury if they had experienced mucocutaneous blood contact in the previous 3 months (aOR injury , 2.18; 95% CI, 1.34-3.54).
DISCUSSION
These data demonstrate that percutaneous injury and mucocutaneous blood contact occur frequently among health care workers in various practice sites. Exposure and injury rates differ by occupation, depending on factors such as the frequency of handling of specific devices, the amount of time spent providing patient care or handling specimens, and the Table 5 . ORs indicating the effects of various factors on the odds of a percutaneous injury in the 3 months before survey administration among 3223 health care workers, adjusted for hours at risk and sharps handling. NOTE. ORs were derived from logistic regression models that controlled for time at risk (i.e., no. of hours providing patient care or handling specimens in a typical week and total no. of sharps devices of any type handled per week). "Glove wearing" refers to gloves worn for invasive procedures. "Hand washing" refers to hand washing after patient contact. NA, not applicable (data too sparse to reliably calculate estimates).
a Midpoint of range of needles handled per week was used (0, 3, 8, 15.5, and 25, respectively). b Reference category is "low compliance" (0%-79%). c "Moderate" refers to 80%-99% compliance. d "High" refers to 100% compliance. e Reference category is "no exposure."
use of specific standard precautions, particularly never recapping needles. The risk of specific types of injury varies with the frequency of handling of specific sharps. Self-reported compliance with key standard precaution components is disturbingly low. When percutaneous injuries do occur, reporting is infrequent, especially among those who experience multiple injuries. Our study highlights several important issues. First, occupational blood exposure occurred regularly among medical health care workers in community hospital settings. One-fourth to one-third of the respondents had sustained a percutaneous injury in the previous 3 months, which is comparable to rates from earlier studies [17, 32] . This suggests that percutaneous injury rates have not declined measurably over time. Our data also suggest that occupational injury is common in both urban and rural community hospitals.
Second, risk of injury is directly related to the precautions used. The practice of never recapping needles was associated with an overall reduction in the likelihood of a recent percutaneous injury by one-fourth overall, compared with recapping at least occasionally. Registered nurses who never recapped needles experienced a risk reduction of one-third.
Third, self-reported mucocutaneous blood exposure was associated with an adjusted increased likelihood of injury, which suggests that it is a reliable surrogate for not routinely using isolation materials. Thus, consistent isolation material use also appears to be an important preventive measure. Several studies have shown inadequate adherence to preventive measures, such as recapping needles, routinely wearing gloves for phlebotomy, and hand washing after glove removal [32, 33] . One-fourth of workers in our study had experienced mucocutaneous blood exposure in the previous 3 months. Retraining individuals with such exposures in standard precautions and safe performance of invasive procedures would likely reduce the number of percutaneous injuries and blood exposures.
Fourth, compliance with precautions varied by type of precaution; precautions were taken 29%-70% of the time. Although self-reports of compliance are widely used, they may be overestimates, in comparison with actual or observed compliance [34, 35] . Categorization of these rates in our study into broad strata of low, medium, and high levels of compliance should have minimized misclassification.
Fifth, blood exposure reporting also varies by occupation; physicians infrequently report exposures [15, 36, 37] . Although there is evidence that reporting of blood exposures has increased over time in some settings, reporting remains inadequate [37, 38] . The workers who are most frequently exposed are least likely to document injuries. We observed a clear inverse dose-response relationship between frequency of recent injury and reporting likelihood. Further study of the determinants of underreporting and identification of effective approaches to decrease it are needed to provide effective, timely prophylaxis and educational interventions.
Several potential limitations and some unique strengths of this study should be noted. The study was limited to health care workers in Iowa, which is a largely rural state with relatively few large hospitals. Thus, the results may not be generalizable to other states. However, data from hospitals in Iowa and Virginia suggest that sharps injury rates are comparable in large and small hospitals and in urban and rural areas [39] . In addition, participation or response bias is possible. However, concern over this potential bias is lessened by the response rate, the similarity of participating and nonparticipating subjects, and the comparable risk of injury and exposure reported by early and late responders. Even if all nonresponders had been uninjured, the frequency of sharps injury would be unacceptable.
Furthermore, because the compliance and exposure data were obtained concurrently, it is difficult to ascertain cause and effect. Recent percutaneous injuries could have increased standard-precaution adherence; thus, we may have underestimated the protective effect of avoiding recapping needles, for example. Nevertheless, the strong associations between work-site factors and injury in the expected directions suggest that both occupational factors and failure to adhere to precautions predispose to injury.
One strength of the study is that it evaluated a large, population-based sample of health care workers from urban and rural areas. The similarity between our data on rates of compliance, injury, and exposure and data from large metropolitan hospitals suggests that these results are generalizable. Second, the size of the study allowed identification of important differences in use of precautions, exposure rates, and underreporting by occupation. Another major strength is that similar results are seen in the associations in logistic regression models, which control for modifiable risk factors for injury, as well as in the analyses stratified by occupation. Finally, the methods used enabled demonstration of the protective effect of routine compliance with recommended guidelines, even after adjusting for occupational exposure risk.
Despite the publication of national guidelines, the message about the need for standard precautions and sharps handling safety has not reached many health care workers. Because standard precautions are an effective mechanism for reducing injuries, it is important to tailor educational interventions and sharps protective devices to specific occupations, particular settings, and the types of devices used [40] . Physicians are particularly likely to sustain solid-needle injuries, to be injured repeatedly, and to fail to report injury or exposure. Thus, interventions designed to increase the safety of handling such devices and to facilitate reporting are especially relevant, as are interventions that specifically target physicians.
The epidemiology of percutaneous injury and blood exposure and factors associated with compliance and underreporting need to be better understood. Our results argue for longitudinal surveillance research aimed at identifying trends over time and the impact of interventions. New strategies for education and randomized trials to test alternative strategies should be pursued. In addition, organizational characteristics contributing to compliance need more study [17, [41] [42] [43] [44] . Furthermore, protective devices for handling sharps and engineered devices have been strongly advocated as an approach to decreasing percutaneous injury [45] . Increasing regulatory, legislative, and political pressure should increase the use of these devices within hospitals. Further funding is needed for all of these areas of research. Potential approaches to be evaluated could include widespread implementation of programs to better train health care workers and monitor adherence, improved surveillance for and analysis of injury data, and widespread implementation of safer devices where they are most likely to be beneficial.
